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EXECUTIVE SUMMARY

T ransporta tion  Technology C enter, Inc. (TTCI), a su b sid ia ry  of the A ssociation of 
A m erican R ailroads (AAR), conducted Phase III of th e  Im p ro v ed  Freight C ar Roller 
B earing Inspection  P rogram  (Task O rder 122) w as co n d u cted  by  at the  Federal R ailroad  
A dm in istra tion 's  (FRA) T ransporta tion  Technology C en ter (TTC), Pueblo, C olorado. 
The FRA fu n d ed  the  evalua tion  p rogram , w ith  in-k ind  su p p o rt from  TTCI and  the 
ra ilroad  in dustry . The on ly  supp lie r of an  acoustic b earin g  detector for evaluation  w as 
TTCI, a lthough  several o ther suppliers partic ipa ted  b y  collecting onboard  or w ayside 
data, w hich  is d iscussed  in  th is rep o rt and m ay  lead  to  o th e r developm ents.

The p ro p rie ta ry  TTCI A coustic Bearing D etector w as in itia lly  developed u n d e r the  A A R 
Strategic R esearch P ro g ram  fu n d ed  by AAR's m em ber ra ilroads.

Phase III w as a general perform ance evaluation test of acoustic detection technologies 
This w as accom plished  b y  o p era ting  a defective b earin g  te s t train , w hile p ro p rie ta ry  
developm enta l system s a ttem p ted  to "discover" the  defects. The test w as ru n  blind; 
th a t is, the  detec to r system  operato rs w ere n o t p riv y  to  defect types or locations. 
Several different test car consists w ere operated  w ith  v a ry in g  bearing  defect types in  
various sizes (A ssociation of A m erican ra ilroad  classes) o f bearings.

In  sum m ary , the  p ro p rie ta ry  TTCI detector w as able to  p ro d u ce  da ta  from  w hich  
defective b earings cou ld  be  d istinguished. This w as sh o w n  in  tw o ways: 1) m an u al 
evaluation  of the  b lind  test resu lts by  TTCI researchers, an d  2) developm ent of an 
expert system  m odel, w ith  the  capability to d ifferentiate  be tw een  acceptable and  
defective bearings. G enerally , all types of bearing  defects u sed  in  the  tests w ere 
d istinguishable  th ro u g h  u se  of the  model. This w as n o t the  case w ith  the m anual 
analysis of the  b lin d  resu lts. The detector w as sh o w n  to  have  extraneous noise in  its 
d a ta  th a t com plicated  the  defect recognition process, a n d  it w as n o t able to recognize all 
defects on  all tra in  passes. The expert system  m odel w as able to d istinguish  abou t 40 
percen t of the  condem nab le  defects during  an average  tra in  pass u sing  a m id-range 
defect threshold . False detecto r selections at th is th re sh o ld  w ere m inim al (5 percent). 
M ore defects w ere  cap tu red  at low er thresholds, b u t w ith  a significantly h igher false 
rate. F urther tra in in g  a n d  developm ent can be expected  to  im prove th is detector's  
perform ance. The m an u a l analysis of blind resu lts  w as d o n e  on  a to ta l bearing  basis, 
n o t by  ind iv id u a l b earin g  passes. Of the to ta l condem nab le  bearings in  use  d u rin g  the  
test, ju st over 60 percen t w ere  selected as defective by  TTCI researchers. The selections 
w ere  m ade over m u ltip le  tra in  passes.

G enerally, the  Phase III tests revealed that a defective b earin g  w ill n o t p roduce  a 
consistent p a tte rn  of acoustic em ission at all tim es, an d  o n  occasion its acoustic em ission  
m ay  be m asked  by  o th er noise sources such as w heel flats, locom otive engines, or
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w h e e l/ra il  interaction. Specifically, it w as determ ined  th a t a defective bearing  on  the 
fa r side of the axle aw ay from  the  detecto r does n o t significantly  in terfere  w ith  the 
detection  of the near bearing. F u rther, a significant w heel flat in  close p rox im ity  to  a 
defective bearing  will in terfere w ith  the  detection  of th a t bearing  to  som e extent, b u t 
does no t m ask it entirely. The use of w heel flat detectors in  conjunction w ith  an  
acoustic bearing  detector w o u ld  b e  recom m ended  as b est practice for an  opera ting  
railroad .

This project w as in itiated  to solicit p a rtic ipa tion  b y  in d u stry  a n d  academ ia to stim ulate 
the  developm ent of im proved  w ayside  defective bearing  detection  techniques. A  series 
of laborato ry  and  field tests w ere  conducted  u sing  defective an d  non-defective ra ilroad  
ro ller bearings to  generate p ractical bearing  acoustic em ission databases th a t w ou ld  
enable  this developm ent. They w o u ld  th en  be available for the  developm ent of 
analytical techniques to "recognize" bearin g  defects from  a w ayside  sensor system , and  
to  p roduce  a w ork ing  detector system  based  on  the  advanced  analytical techniques.
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1.0 INTRODUCTION

In  July 1999, T ran sp o rta tio n  Technology Center, Inc. (TTCI), a subsid iary  of the  
A ssociation of A m erican  R ailroads (AAR), conducted  P hase  III of the  Federal R ailroad 
A dm in istra tion 's  (FRA) Roller Bearing Acoustic D etec to r W ayside T rain  Inspections 
Research P rog ram  Phase IH, conducted  at the T ran spo rta tion  Technology C enter, 
Pueblo, C olorado inc luded  a series of sim ulated  rev en u e  service tests using  a consist o f 
e igh t railcars th a t con tained  w heelsets w ith  b o th  g o o d  bearings and  specific ro ller 
bearing  defects. The p u rp o se  of these tests w as th e  ev a lu a tio n  of im proved  w ayside 
acoustic bearin g  detec tion  system s. TTCI w as the  on ly  su p p lie r of a p ro to ty p e  acoustic 
bearing  detector system  for ev a lu a tio n — although  severa l o ther supp liers p a rtic ipa ted  
b y  collecting o n b o ard  or w ayside  data, w hich m ay  lead  to  o ther developm ents. The 
acoustic beating  detec to r w as developed as p a rt o f A A R 's Track Perform ance 
M onitoring  Strategic In itiative fu nded  by  AAR m em ber railroads. W ork  for th is  p roject 
w as perfo rm ed  u n d e r  FRA Task O rder 122 contract n u m b er DTFR53-93-C-00001.

Based u p o n  the  cu rren t un d ers tan d in g  of the capabilities o f im proved  w ayside  acoustic 
ro ller bearing  in spection  technology (Phase I and  II), the  follow ing research  objectives 
w ere  de term ined  for th is phase  of the field-testing p rogram :

• D eterm ine if p ro p o sed  acoustic system s can  be  u sed  reliably in  a s im ula ted  
revenue service opera tion  to identify  typical b earin g  defects iden tified  
p rev iously  in  th is  p rogram . Specifically, these  defects are:

-  S pun  cone o r loose com ponents, in  the  absence o r the presence of spalling  of 
the  racew ay  surfaces, for a bearing  o p era tin g  a fully  loaded o r light-car 
condition.

-  D am aged  ro ller elem ent condition for a b earin g  operating  in  a fu lly  loaded  o r 
light-car condition  (i.e., spalled roller, b rine lled  roller, w ater-etched  roller, or 
seam ed roller).

-  A A R condem nable  cone spall defect for a b earin g  operating  in  a fu lly  loaded  
or ligh t-car condition.

-  A A R condem nable  m ultip le  connecting cone spall defect for a b earing  
o p era tin g  in  a fully  loaded  or light-car condition .

-  A A R condem nable  cup spall defect for a bearin g  operating  in  a fully loaded  
or light-car condition.

-  A A R condem nable  m ultip le  connecting cup  spall defect for a bearin g  
o p era tin g  in  a fully  loaded  or light-car condition .

-  AAR condem nable  w ater-etching defects for a bearing  opera ting  in  a fully 
lo ad ed  o r light-car condition.

• E valuate th e  perform ance of im proved bearin g  defect in sp ec tion /de tec tion  
system s.

• Identify  im provem ents  in  prelim inary  w ayside  acoustic detection system s to 
enhance system  perform ance (reliability an d  repeatability).
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In  add ition  to the above objectives, th is test p rogram  also in tro d u ced  several o ther 
de tection  anom alies to test w h e th e r the  anom alies w ou ld  e ith e r confuse the bearing  
detection  system s or be detected  them selves. These inc luded  w h eel tread  defects, loose 
back ing  rings, bearings w ith  excess la teral clearance, and  b earin g  defects on  the 
opposite  side of the  vehicle from  th e  detector.

Safety of test personnel and  facilities d ictated  the actual tra in  sp eed s  an d  car loadings 
u sed  in  the field test. Defective ro ller bearing  perform ance w as m o n ito red  continuously  
in  the  field testing to p rev en t any  bearing  re lated  failures o r dera ilm en ts. The m ost 
critical bearings w ere m o n ito red  before  an d  after the h igher sp eed  test ru n s  for 
excessive tem perature.

A  p rog ram  review  m eeting to  inv ite  partic ipa tion  in  the Phase III te st p ro g ram  and to 
rev iew  the draft test p lan  w as h e ld  in  January  1998 in  C olorado  Springs, Colo. A ny 
com m ents received then  an d  thereafte r w ere incorporated  in to  th e  d raft test p lan , w hich 
w as subm itted  to the FRA. The m eeting  included rep resen ta tives from  the  FRA,
A A R /TTC I, AAR affiliated un iversities, and  the railroad  b earin g  an d  w ayside  detection 
su p p ly  industries (A ppendix A).

It w as expected after the field te s t o f Phase II in  late 1996 th a t severa l com panies w ould  
develop  im proved w ayside b earin g  detection  system s to be ev a lu a ted  d u rin g  Phase III 
testing. H ow ever, by  1998, it ap p ea re d  th a t only  tw o com panies w ere  developing  such 
system s for test —  TTCI and  V ipac, Ltd. of A ustralia. V ipac declined  to  partic ipate  in 
the  Phase III test, leaving TTCI as th e  only partic ipating  de tec to r developer. The 
p ro g ram  w as held  in abeyance for th e  rem ainder of 1998 an d  early  1999, w hile a Public 
N otice w as posted  in  several tra d e  m agazines looking for ad d itio n a l partic ipan ts. 
A p prova l w as given in sp ring  1999 to p roceed  w ith  Phase III, as p lan n ed .

2.0 TEST SPECIMENS

2.1 TEST ROLLER BEARINGS
Table 1 show s the bearings u sed  in  th is test and  prov ides a d escrip tion  of each defect. 
A ppend ix  B show s pho tog raphs o f all defects by  bearing nu m b er. A s the  table shows, 
the  bearings covered a b road  ran g e  of the  defect types and  defect severity . M any of the 
defects fell outside of the severity  for the  p rogram , m eaning th a t som e defects w ere no t 
condem nable u n d e r the AAR b earin g  reconditioning s tan d a rd s  (Manual of Standards and 
Recommended Practices, Section H -II, Feb. 1,2000). The test w as n o t on ly  in tended  to 
evaluate  the perform ance of th e ir detection  system s for large o r severe  defects (i.e. AAR 
condem nable), b u t to allow  developers  to test the sensitivity of th e ir  system s and  their 
de tection  thresholds.
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D ifferent defective test bearings th an  those used  in  Phases I and II w ere  u sed  in  this 
evalua tion  test. The test bearings included bo th  A A R 110-ton capacity C lass "F" (6V2 x 
12) and  70-ton capacity  Class "E" (6 x 1 1 ) bearings, an d  a  few  AAR 125-ton capacity  
C lass "G " (7 x 12) bearings. The defect types as described  in  Section 1.0 w ere  
rep resen ted  ind iv idua lly  or in  com bination. A ll the  specific defects an d  th e ir location in  
th e  test tra in  th ro u g h o u t the  te st w ere  u n know n  to  the  participants. Therefore, the  
en tire  p ro g ram  w as a b lind test.

Table 1. Test Bearings
Bearing No. Capacity Defect Description
B24* 100-ton Roller defect, medium water etch all
B33* 70-ton Cup barline spall
B101* 70-ton Cup brinell, IB spall, WE cones
B102* 70-ton 2 repaired OB cone spalls, cup WE
B103* 70-ton Cup WE & spalls, OB cone WE & spall
B105 70-ton 2 repaired OB cone spalls, cup WE
B107 100-ton Cup brinells
B114 100-ton 1 cone spall -  not repaired
B116 100-ton Oversize bore
B119 100-ton Excessive lateral clearance
B120 100-ton Oversize bore
B123 100-ton Possible loose backing ring
B124 100-ton WE cup, WE cones, WE rollers
B201 125-ton Water etch cup and cones
B202 * 125-ton Repairable cup spall, 4 cone spalls
B203 * 100-ton Cup spalls & water etch, spalled rollers, cone water etch
B205 * 100-ton Cup brinells, cone barline spall (IB), 8 cone spalls (OB)
B207 * 100-ton Roller spalls & WE (IB & OB), cone WE, cup WE & brinell
B208 * 100-ton. Cup spalls & WE, IB con barline spalls(4), OB cone WE
B210 100-ton Cup brinell
B211 * 70-ton 2 cup barline spalls
B212 * 70-ton Cup cond. Brinells, 1 OB cone spall
B214 * 70-ton OB roller spalls, cone WE (IB & OB), OB cone barline spall
B215 100-ton Oversize bore
B216 100-ton OB cone WE & spalls
B217 * 100-ton OB roller spall & WE, OB cone WE
B218 100-ton Cone spall -  OB
W30LBR
B988

70-ton Confirmed IB loose backing ring

W31LBR 
B902 *

100-ton IB loose backing ring, IB roller WE, OB cone & roller WE, cup 
WE & barline spall

B996 100-ton Cone OB spalls
B998 70-ton Cone 1B repairable spall

Cone OB single condemnable spall
B999 70-ton Cone 1B, 2 small spalls, repairable CuoB, repaired spall
W32LBR
B903

100-ton Confirmed IB loose backing ring

W52SC B989* 70-ton Grooved journal for spun cone
W54SC * 100-ton Grooved journal for spun cone

'Condemnable defects
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2.3 TEST TRAIN

The test tra in  generally consisted  o f one locom otive follow ed b y  e ig h t freight cars, 
m ostly  70- and  100-ton capacity  cars w ith  one 125-ton car in  the  te s t consist. The test 
h a d  five consists for three days of testing. D ay one h ad  a 100-ton car consist; day  tw o 
h a d  a 70-ton consist used  in  tw o  configurations; and  day  th ree  h a d  the  sam e 100-ton 
consist as day  one b u t w ith  d ifferen t bearings, an d  it w as u sed  in  tw o  configurations. 
Thus five consists w ere achieved. C onfiguration  changes consisted  of tu rn in g  the  tra in  
w ith  respect to the w ayside detec to r system s. Each car w as w e ig h ed  on  a car scale p rio r 
to  testing. Table 2 lists the  car nu m b ers  an d  the ir w eights.

Table 2. Car Numbers and Weights

Car Number A-End
Weight

B-End
Weight

Total Weight 
(lbs.) Car Capacity

TTX 160539 70922 51855 122777 70-ton loaded
TTWX 970094 34433 34426 68859 70-ton empty
TTWX 981423 34516 34463 68979 70-ton empty
DOTX 307 78921 86543 165464 70-ton loaded
LTTX 200468 26937 29849 56786 70-ton empty
AAR 700 132500 132300 264800 100-ton loaded
LN 195192 131400 131140 262540 100-ton loaded
UP41373 131500 131300 262800 100-ton loaded
LN 196386 136330 135050 271380 100-ton loaded
AAR 703 132850 134450 267300 100-ton loaded
AAR 701 123450 129500 252950 100-ton loaded
FAST 390 ' 125-ton loaded

Table 3 is a list of the various te st car consists used  on  each test day. Tables 4-8 are 
lists of consists by  car num b er w ith  defect bearing  location inform ation . These tables 
p ro v id e  im portan t inform ation on  the  test tra in  m akeup.

Table 3. List of Consists by Date
Test Date Consist

Number
Consist Type Consist Length

July 26, 1999 6 100-ton & 125-ton 8 cars + loco
July 27,1999 7 70-ton 5 cars + loco
July 27, 1999 8 70-ton 5 cars + loco
July 29, 1999 9 100-ton & 125-ton 8 cars + loco
July 29, 1999 10 100-ton & 125-ton 8 cars + loco

4



Table 4. List for Test Consist 6

Car
Number

Car
Capacity

Leading
End Car Type Bearing Defect 

Location
Bearing Code 

Number

AAR203 Locomotive.
4-axle

UP41373 100-ton “A” Hopper 4-axle L2 B107
it L3 W32LBR

LN195192 100-ton “A” Hopper 4-axle L2 B119
it L3 B120
it L4 B996

AAR700 100-ton “A” Hopper 4-axle R2 B210
li R3 B205

LN196386 100-ton Hopper 4-axle None
AAR 706 100-ton “A” Hopper 4-axle L2 B24

it L3 B203
it R4 Flat Wheel

AAR701 100-ton “B” Hopper 4-axle R2 W54SC
it R4 B114

AAR703 100-ton “A” Hopper 4-axle L2 B116
it L3 B207

FAST390 125-ton “B” Hopper 4-axle R1 B201
it R3 B202

Table 5. List for Test Consist 7

Car Number Car
Capacity

Leading
End Car Type Bearing Defect 

Location.
Bearing Code 

Number

AAR203 Locomotive
4-axle

. • )

LTTX200468 70-ton “B” Flat 4-axle R2 B103
it R3 B105

TTWX981423 70-ton “B” Flat 4-axle R1 B211
M R3 W51SC

TTWX970094 70-ton “A” Flat 4-axle L2 B33
cc L3 B212
sc L4 B998
a R4 B999

TTX160539 70-ton “A” Flat 4-axle L2 B101
it L4 B102

DOTX307 70-ton “A” Flat 4-axle L2 W30LBR
cc L3 B214
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Table 6. List for Test Consist 8

Car Number Car
Capacity

Leading
End Car Type Bearing Defect 

Location
Bearing Code 

Number
AAR203 Locomotive

4-axle
DOTX307 70-ton “B” Flat 4-axle L2 W30LBR

it L3 B214
TTX160539 70-ton “B” Flat 4-axle L2 B101

it L4 B102
TTWX970094 70-ton “B” Flat 4-axle L2 B33

ft L3 B212
ft L4 B998
ft R4 B999

TTWX981423 70-ton “A” Flat 4-axle R1 B211
ct R3 W51SC

LTTX200468 70-ton “A” Flat 4-axle R2 B103
ft R3 B105

Table 7. List for Test Consist 9

Car
Number

Car
Capacity

Leading
End Car Type Bearing Defect 

Location
Bearing Code 

Number
AAR203 Locomotive

4-axle
UP41373 100-ton “A” Hopper 4-axle L2 B215

f( L3 B218
LN195192 100-ton “A” Hopper 4-axle R2 B124

it L3 B123
it L4 B996

AAR700 100-ton “A” Hopper 4-axle L2 B217
u R3 B205

LN196386 100-ton “A” Hopper 4-axle R1 B203
AAR 706 100-ton “A” Hopper 4-axle L2 B207

ft L3 B216
ft R4 Flat Wheel

AAR701 100-ton “B” Hopper 4-axle R2 W54SC
ft R4 W31LBR

AAR703 100-ton “A” Hopper 4-axle L2 B116
ft L3 B208

FAST390 125-ton “B” Hopper 4-axle R1 B201
ff R3 B202
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Table 8. List for Test Consist 10

Car
Number

Car
Capacity

Leading
End Car Type Bearing Defect 

Location
Bearing Code 

Number
AAR203 Loco. 4-axle
FAST390 125-ton “A” Hopper 4-axle R1 B201

it R3 B202
AAR703 100-ton “B” Hopper 4-axle L2 B116

It L3 B208
AAR701 100-ton “A” Hopper 4-axle R2 W54SC

U R4 W31LBR
AAR706 100-ton “B” Hopper 4-axle L2 B207

tt 100-ton Hopper 4-axle L3 B216
u R4 Flat wheel

LN196386 100-ton “B” Hopper 4-axle R1 B203
AAR700 100-ton “B” Hopper 4-axle L2 B217

u R3 B205
LN195192 100-ton “B” Hopper 4-axle R2 B124

U L3 B123
UP41373 100-ton “B” Hopper 4-axle L2 B215

(l L3 B218

3.0 DETECTOR TEST SYSTEMS

3.1 TRANSPORTATION TECHNOLOGY CENTER. INC. CTTCn
The one w ayside  bearin g  detection  system  ev a lu a ted  in  th is p rog ram  w as developed  b y  
TTCI u n d e r con tract to the A A R  as p a rt of its stra teg ic  research  program . The system  is, 
therefore, a research  system  u n d e r developm ent. The system  consists of th ree  sections:

• A  trackside m icrophone enclosure package,

• W heel detectors, an d

• A  co m pu ter system  fo r da ta  collection an d  analysis.

F igure  1 show s th e  trackside  m icrophone enclosure, an d  F igure 2 show s the  track  
m o u n ted  w heel sensors. In  add ition  to the w heel de tec to rs clam ped to  the  rail, a 
trad itiona l is land  track  circuit w as used  to alert the  system  for tra in  presence. The 
w heel detectors, typically  u sed  in  h o t bearing  detec tion  system s, w ere u sed  to  calculate 
vehicle speed , w heel (bearing) position  relative to  the  m icrophones, and  to  estim ate 
bearin g  class from  axle spacing. These w heel de tec to rs are m agnetic p robes th a t 
resp o n d  to the p rox im ity  o f the w heel flanges p ass in g  over the  sensor elem ent.



The TTCI bearing  detection co m p u te r system  is actually com prised  of tw o com puters, 
an  earlier version using analog p re-p rocessing  and  then  analog to  d ig ita l (A /D ) 
conversion  of signals, and a n ew er all-d ig ital system  w ith  h igh  speed  A /D  an d  no  p re
processing. The best data w as tak en  w ith  the  new er all d ig ital system . T hat da ta  will 
be  p resen ted  in this report exclusively. A lthough  the system  is generally  show n  in 
p h o to g rap h s here, details of the  m ach ine  and  its operation  are p rop rie ta ry .

Figure 1. Test Train and TTCI Microphone Array
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Figure 2. Wheel Sensor

3.2 OTHER PARTICIPANTS
In  ad d itio n  to  the  TTCI w ay sid e  acoustic bearing  detec to r (ABD) system , Encore 
Electronics, an d  N orth-South-E ast-W est (NSEW) tested  a w heel m onito r developm ent 
to  a id  in  the  m easurem ent o f  w heel presence, speed , an d  w heel d iam eter (m ore 
in form ation  on  these com panies in  Section 5). NSEW  also took  bearing  d a ta  u sing  a 
w ayside  m icrophone. Science A pplications In ternational C orporation  (SAIC) 
p artic ipa ted  in  these tests w ith  a d a ta  collection package for onboard  bearing  v ib ra tion  
m easurem ent. The SAIC e ffo rt w as funded  by  the  FRA an d  w ill n o t be rep o rted  here. 
TTCI also collected onboard  bearing  vibration data, as p a r t  of an effort to s tu d y  
onboard  bearing  detection u n d e r the  auspices of the  A A R research p rogram .

4.0 TEST PROCEDURES

4.1 PRE-TEST PREPARATIONS
To gather da ta  from  the p a rtic ip an t's  w ayside acoustic sensor(s), sensor an d  p erip h era l 
su p p o rt u tilities w ere insta lled  n ear the test track location. TTCI d id  n o t p ro v id e  
in s trum en ta tion  for o ther p a rtic ipan ts. Pow er and  o ther su p p o rt struc tu res w ere  
p ro v id ed  for partic ipan ts w h o  installed  their ow n  sensors or data co llection /p rocessing  
system s.

4.2 TEST SITE
Testing w as conducted  o n  th e  T ransit Test Track (TTT) a t TTC. The actual test site on 
the  TTT w as adjacent to th e  existing ho t bearing  detector (HBD) test farm  (Station 14).

9
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This location is equ ipped  w ith  tw o bungalow s w ith  110 VAC p o w er and  telephone 
services. The bungalow s w ere  n o t used; p o w er and  telephone services w ere.

4.3 TEST TRAIN MAKEUP
There w ere five consists n u m b ered  6 th ro u g h  10 u sed  in  the  course of this test. Their 
car m ake-up is show n in  Section 2.0, Tables 3 th ro u g h  7. The test tra in  typically 
consisted of one locom otive follow ed by  six to e igh t freight cars (some loaded, som e 
em pty). There w ere bo th  70- and  100-ton capacity  cars and  one 125-ton capacity car.

F igure 3 show s the m akeup  of one of the test trains. W heelsets a n d /o r  trucks w ere 
sw itched betw een cars to place defective bearings un d er d ifferen t loads. Each car w as 
w eighed  on a certified scale e ither before or after testing (see Section 2.0, Table 2). The 
test tra in  w as opera ted  p a s t the  w ayside  instrum en ta tion  from  b o th  directions.

Figure 3. Test Train Makeup

4.4 TEST DATA RUNS
Table 9 lists each test ru n  m ade, along w ith  o ther p ertinen t d a ta  such as tim e of day, 
am bient conditions, desired  tra in  speeds, and car consist identification.

10



Table 9. List of Test Runs

Run
Number* Date Time Consist

Number
Train
Speed Comments

TCR 7-26-99 1333 6 25 Wind NE 16mph
P1 7-26-99 1410 6 30
R1 7-26-99 1428 6 30
R2 7-26-99 1453 6 40
R3 7-26-99 1519 6 50
R4 7-26-99 1545 6 55
R5 7-26-99 1612 6 60
R6 7-26-99 1641 6 30 Wind S 17-22 

mph
R7 7-26-99 1702 6, 50
R8 7-26-99 1723 6 40

TCR 7-27-99 1100 7 25
R9 7-27-99 1320 7 30 Wind S 12-15 

mph
R10 7-27-99 1339 7 40
R11 7-27-99 1355 7 50
R12 7-27-99 1412 7 55
R13 7-27-99 1433 7 60
R14 7-27-99 1520 7 30
R15 7-27-99 1533 7 40
R16 7-27-99 1554 7 50 Wind S 10 mph
R17 7-27-99 1637 8 30 Wind S 10 mph
R18 7-27-99 1657 8 40 Lapped TTT
R19 7-27-99 1720 8 50
TCR 7-29-99 0903 9 25
P2 7-29-99 0948 ,9 30

. R20 7-29-99 1003 9 30
R21 7-29-99 1016 8 40 Wind calm
R22 7-29-99 1030 9 50
R23 7-29-99 1055 9 55
R24 7-29-99 1116 9 60
R25 7-29-99 1255 9 30 Lapped TTT
R26 7-29-99 1310 9 40
R27 7-29-99 1330 9 50
R28 7-29-99 1425 10 30
P3 7-29-99 1443 10 40 Wind calm

R29 7-29-99 1457 10 40
R30 7-29-99 1516 10 50

*Note: R = test run, P = preliminary run, TCR = track conditioning run
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5.0 RESULTS

5.1 TTCI ABD SYSTEM
The follow ing sum m ary  of resu lts  contains p h o to g rap h s, tabu lations, and  m athem atical 
m odels as a sum m ary  analysis of the  collected acoustic d a ta  from  the TTCI w ayside 
detector. Also included are im ages from  the  m icrophone record ings th a t w ere taken 
d u rin g  som e of the  tra in  runs. In  general, the  m icrophone tim e histories reveal som e 
m in o r difficulties w ith  the  m icrophones them selves as w ell as the com puter system  
u sed  in  record ing  all of the  FRA Phase III test data. The tim e histories illustra ted  here  
reveal tha t various noise anom alies w ere reco rded  along w ith  the  d igitized acoustic 
responses from  the test tra in  ro ller bearings. F rom  a d iagnostic  s tandpoin t, the  noises 
w ere  undesirable. In  ad d itio n  to  noise being  recorded , th e re  w ere  unan tic ipated  offsets 
in  the  recording channels and  the  tw o  A /D  cards w ith in  th e  com puters. Subsequent to  
these  tests, TTCI has u p g rad ed  b o th  the  m icrophones an d  the  com puter da ta  acquisition  
cards so th a t the  m ajor difficulties of record ing  have  b een  elim inated , b u t th a t w ill n o t 
be  reflected in  the data p resen ted  here.

A  typical raw  m icrophone tim e h is to ry  for a passing  tra in  is g iven  in  F igure 4. D ata has 
been  broken  d ow n  into the low -frequency con ten t of the  signal (above) and  the  h igh  
frequency (below). The graph ic  dep icting  the  consist p ro p e rly  positions the w heelsets 
w ith  respect to  the  signal, and  the  sm all vertical a rrow s give the  position  of defective 
bearings in  th is particu lar consist.

Figure 4. Typical Microphone Time History
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Figure 5 show s an  exam ple of the  m ultip le  m icrophone signals from  the  test, the  sm all 
de lay  encoun tered  be tw een  channels, and  the la rg er de lay  encountered  betw een  A /D  
b o ard s  in  the  com puter.

A lthough  there  w ere  problem s identified  in  the reco rd in g  system  used  in  the  tests done  
in  Ju ly  1999, the  collected da ta  still p rov ided  the  o p p o rtu n ity  to  dem onstrate  (but to  a 
d eg rad ed  extent) th a t a designated  bearing 's  acoustic o u tp u t is directly re la ted  to the 
presence of an  in te rn a l defect.

The da ta  from  the  te st w as processed  in  tw o distinct w ays, first based on  the  test being  
conducted  b lin d  (i.e. defects unknow n). The second d a ta  processing w as done 
subsequen t to  the  defects locations being  revealed  an d  invo lved  the developm ent of an  
analytical o r expert system  m odel based  on the k n o w n  a n d  catalogued defect types, 
severity , an d  locations.

The results of the  b lind  test w ere  analyzed m anually  (versus com puter) u sing  expert 
know ledge o r expertise. The da ta  files w ere p rep a red  u s in g  a statistical approach , 
w here  certain  p ro p rie ta ry  featu res w ere extracted for each  bearing file accum ulated  by  
the  TTCI detector. The featu res for the bearings w ere  com pared  w ith  each o ther to  look

13



for features th a t stood out, in  a m an n er th a t w as typical o f a bearing  defect. This is 
w here  expertise w as u sed  based  o n  know ledge gleaned  from  p a s t testing  and  bearing  
analysis experience of the  TTCI researchers. Files from  m u ltip le  rim s w ere u sed  in  th is  
com parison. U ltim ately, for each test tra in  consist, a list o f p robab le  defects w as 
com piled, and  this w as sh ared  w ith  a FRA represen tative in  A u g u st 1999.

Table 10 lists selections m ade  from  the  b lind  data. The selections are given in  th ree  
categories: (1) condem nable bearings near the  detector, (2) non-condem nable  bearings 
n e a r the detector, and  (3) condem nable defects aw ay from  the  detecto r (opposite en d  of 
axle from  detector).

Table 10. Blind Bearing Selections

Condemnable 
Bearings Near 

Detector

Non-Condemnable 
Bearings Near 

Detector

Condemnable 
Bearings Away 
from Detector

Total Possible 22 16 15
Number
Selected 13.5 6.5 2

Percentage
Selected 61.4 percent 40.6 percent 13.3 percent

The data in  the  table show s th a t a reasonable num b er of the  condem nable bearing  
defects w ere d iscovered using  expertise and  w ith o u t p rio r  in fo rm ation  (just over 60 
percent), w hile  non-condem nable bearings w ere h a rd e r to  find  (about 40 percent). 
Since non-condem nable defects are less severe, the  low er percen tage of correct 
selections w as expected. It shou ld  be no ted  th a t the  "Total Possible" da ta  ro w  contains 
som e duplicate  bearing  defects, since som e defects w ere n o t rem oved  w hen  tra in  
consist changes w ere m ade (see C onsist Lists in  Tables 4 th ro u g h  8). The half n u m bers 
w ere  used  in  the "N um ber Selected" row  w hen  researchers w ere  sp lit in  their decision 
of the  probable defect selection.

The last colum n in  the table p resen ts selections m ade on  condem nable  bearings th a t 
w ere  on the far side of the  car aw ay  from  the detector. In  th is case, the  detector is 
actually  focusing on the n ear bearing  (opposite end  of the  axle from  the  defect), and  th is 
w as an  a ttem p t to see if the  defect w o u ld  interfere w ith  th e  read in g  of the near bearing. 
In  all cases, a good rem anufactu red  bearing  w as p laced  o n  the axle opposite  a defect. 
Since only 13 percen t of the defects w ere supposed ly  detected , it appears  th a t 
interference is slight.

O ther blind selections w ere m ade th a t are n o t rep resen ted  in  Table 9. These w ere 
bearings of un know n  b u t assum ed acceptable condition  th a t w ere  selected by  the TTCI
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researchers. Since the  condition  of the  bearings w as u nknow n , no general sta tem en ts or 
reasons for these selections can be m ade. In  som e cases, the  selected bearings w ere  
adjacent to  a defect, an d  it is generally  assum ed th is so u n d  m ay  have been  in te rp re ted  
as belong ing  to  the  adjacent bearing .

A n  analytical o r expert system  m odel w as developed  after the  b lind  picks w ere  m ade. 
U ltim ately , the  detector m u st be capable of selecting defects w ithou t m an u al 
in terven tion . P rio r to  th is test, no  database using  the  TTCI detector w as available to  
construct such  a m odel. The m odel p roduces num eric  values (dim ensionless) th a t are 
d irectly  re la ted  to  a pass in g  b earin g 's  condition.

The com puted  m o d e l's  values are  in tended  to be scaled over the 0 to 1 range, w ith  
values closest to  one ind ica ting  the  presence of a bearin g  defect. The ex pert system  
m odel d iscussed  h ere  rep resen ts a com plex m athem atical approach. The' resu lts  from  
th e  m odel are  p resen ted  in  b o th  g raphic  and  tabu lar form . The tabulations list the  
defects in  descend ing  ran k  order. The diagnostic g raph ic  places defective b earings at 
th e  top  of the  m o d e l's  p lo t.

A n  expert system  m odel is defined  using  several diagnostically  im p o rtan t acoustic 
p a ram ete rs  from  the  collected database. The m odel m akes use of the  pa ram ete rs  to 
com pute  a num eric  v a lue  from  the  database in form ation  for every bearing  th a t passed  
th e  TTCI w ayside  detecto r d u rin g  testing. A  graphic  d isp lay  in F igure 6 show s every  
com pu ted  p o in t from  the  m odel for each consist in  a tw o-dim ensional p lo t.
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#  M inor Defects NEAR-SIDE % M inor Defects FAR-SIDE ■  Unknown Bearings J

Figure 6. Graphical Output for Expert Model Results
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The expert system  m odel o u tp u t show n  in  F igure 6 contains the entire resu lt from  the  
detector for all test rim s w ith  all five consists. It show s th a t consists 8 an d  10 w ere  ru n  
w ith  the tra in  d irection reversed  an d  defective bearings o n  the  opposite  side from  the  
detector. Few  defects w ere  detec ted  from  those tw o  consists com pared  to  the  p rev ious 
consist before the  tra in  w as reversed . The figure also illu stra tes th a t th is expert system  
does select only  defective bearings w ith  a few  exceptions.

F igure 6 also illustrates th a t no t all defects w ill be  "h ea rd "  o r recognized each tim e th ey  
pass the detector. O bserve the  n u m ero u s defects th a t h av e  low  ABC values, m ixing 
w ith  the good bearings. This analysis, com plicated  by  th e  ex traneous noise, m ixes the 
defects w ith  m any  of the  u n k n o w n  b u t assum ed good bearings. A  given threshold , 
sh o w n  by the dashed  line here  a t an  ABC value  of 0.5, w o u ld  n o t identify  som e defects. 
Besides illustrating  a varia tion  in  detectable acoustic em issions betw een  passes, it can 
also be assum ed th a t th is  expert system  is n o t fu lly  developed  and  m ay  p roduce  be tte r 
resu lts  w ith  additional d a ta  p o in ts  (m eaning m ore  in  q u an tity  and  varie ty  of defective 
bearings and  car types).

Table 11 lists inform ation o n  the  defective bearings, an d  h o w  they  w ere  classified 
d u rin g  the test. The defective bearings are classified in to  those  th a t w ere condem nable 
b y  AAR standards (Manual of Standards and Recommended Practices, H-II, Feb. 1,2000) 
an d  those th a t w ere non-condem nable  (smaller). This tab le  show s th a t the  larger 
condem nable defects are generally  classified h igher th an  th e  non-condem nable, as 
expected. U sing a th resho ld  ABC value of 0.50 show s th a t m an y  condem nable defects 
are above the  threshold , w hile  m ost non-condem nable defects are below  the th resho ld . 
A m ong the condem nable defects, the  table show s th a t som e are h a rd e r to  classify th an  
o thers (see B203, B217, an d  the  th ree  sp u n  cones). The critical sp u n  cone w heelsets are 
above the threshold  13 tim es o u t of 30 passes.

The expert system  m odel developed  from  this d a ta  is a com plex one. In  spite of the 
noise issues, this m odel is a lm ost accurate enough  to be usefu l in  revenue service, as 
F igure 6 shows. It is expected th a t fu rther tra in ing  w ith  m ore  and  varied  bearing  
defects w ould  im prove th is perform ance.
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Table 11. Defective Bearing Analytical Model Results

BEARING NO. BEARING PASSES WITH ABC VALUES IN RANGE SPECIFIED BEARING
TOTALSCondemnable >1.00 1.0-0.75 0.75 -  0.50 0.50 -  0.25 0.25 -  0 <0

B101 2 4 3 1 1 0 11
B102 1 3 2 5 0 0 11
B103 3 5 2 1 0 0 11
B202 2 7 5 4 1 0 19
B203 0 0 1 13 5 0 19
B205 0 1 5 7 5 ' 0 18
B207 0 3 1 12 3 0 19
B208 0 2 2 5 0 0 9
B211 2 2 2 5 0 0 11
B212 1 1 5 4 0 0 11

~ B214 2 4 3 2 0 0 11
B217 0 0 0 3 6 0 9
B24 0 1 4 5 0 0 10
B33 3 1 3 3 1 0 11

W31LBR 0 1 6 1 1 0 9
W51SC 0 3 4 2 2 0 11
W52SC 0 0 2 4 4 0 10
W54SC 0 0 4 4 1 0 9

Non-Condemnable
B105 0 0 2 2 1 6 11
B107 0 0 0 2 5 2 9
B114 0 0 2 6 1 1 10
B116 0 0 0 4 5 0 9
B119 0 0 0 0 4 5 9
B120 0 0 0 1 7 1 9
B121 0 0 1 4 5 0 10
B123 0 0 0 2 6 1 9
B124 0 0 0 0 7 2 9
B201 0 0 0 7 7 5 19
B210 0 0 0 2 7 0 9
B215 0 0 0 1 5 3 .  9
B216 0 0 0 4 4 1 9
B218 0 0 0 1 7 1 9

W32LBR 0 0 0 0 3 6 9
W30LBR 0 0 1 1 4 5 11
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F u rth er attem pts to extend th is expert system  analytical m odel led  to  the  realization  th a t 
the  recorded acoustic da ta  con tained  excessive am ounts of no ise  in  various form s. 
A dditional analysis of the  database  p rov ides evidence th a t the  m ajority  of the  useful 
d iagnostic inform ation is ex tracted  w ith  analytical m odels like the  one just review ed. 
A lternate m odels w ill pick o u t o th e r defective bearings from  the  test data, b u t only  at 
the  expense of m issing som e of those  bearings th a t are k n o w n  to  be defective an d  h ave  
already  been  identified as defective.

A t this point, it m ust be m en tioned  th a t the  analytical m odel p resen ted  still identifies 
m an y  defective bearings to  a re latively  h ig h  degree  of accuracy and  w ou ld  be of use  in  
revenue service even if the  observed  levels of cap tu red  noise w ere  to  occur in  fu tu re  
w ayside  detectors. To be useful, fu tu re  de tec to r system s u sing  th is expert system  
m odel w ou ld  have to restrict its o pera ting  condition  judgem en ts  to bearings w ith  
o u tp u ts  th a t p rov ide com puted  va lues above 0.50.

B eyond the  above conclusion, it sho u ld  also be  n o ted  th a t m ore  (or less) bearings could 
be  called o u t by  changing the  cut-off level of detection  (set here  at 0.50), w h ich  is 
som ew hat arbitrary. Each selected cut-off level w o u ld  p ro v id e  a h igher (or low er) 
degree of detection accuracy. If a h igher cut-off level w ere  u sed  to  identify  defective 
bearings, it w ould  p rov ide greater rem oval accuracy -  b u t few er bearings w o u ld  be 
iden tified  for rem oval in  the  long  run .

5.2 ENCORE ELECTRONICS. INC.
Encore Electronics, Inc., Saratoga Springs, NY 12866 w as fou n d ed  in  1967. They design 
an d  m anufacture test m easu rem en t equ ipm en t for research laboratories, process control 
an d  industria l autom ation. Their recen t p ro d u c ts  range from  basic signal am plifiers to 
fu ll-vibration m onitoring system s. They also custom ize eng ineering  p ro d u c ts  for m any  
custom ers. Some of the electronic p ro d u c ts  th a t they  have  b u ilt w ere  tak en  from  
concept to com pletion in  as little  as a w eek. Encore m ain tains in-house engineering, 
circuit board  layout, m etal fabrication, and  p a in t shop facilities.

5.2.1 Encore Wheel Size Monitor
There is need  for a w heel size m onito r, w h ich  can  p ro v id e  in te rna l specifics abou t 
detected  bearing  defects. K now ledge of the  w heel size allow s a d iagnostic system  to 
com pute the  rotational ra te  of the passing  w heel (u ltim ately  the  ro tational ra te  of the  
bearing  itself). K now ledge of the  ro ta tion  ra te  along w ith  the  acoustic character of the 
bearing 's  sound  provides the d is tinc t com ponen t condition  inform ation  n eeded  to m ake 
an  intelligent rem oval decision.

F igure 7 show s tw o pho tographs of the  tested  w heel size m on ito r u n d e r developm ent 
b y  Encore and  placed in test d u rin g  the  FR A /TT C I w ayside  te st p rogram . The pho to  
on  the  left show s the sensor m o u n ted  on the  ra il in  fron t of the  test train. A close-up
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pho to  of the  electronic p ro to type  m onitor is on  the  rig h t side. The p ro to ty p e  sh o w n  has  
its electronics encased  in  plastic, b u t the final design  w ill h ave  all sensing e lem ents an d  
the  electronic com ponen ts encased in  a w elded  steel package.

Figure 7. FRA Test Train and Encore Electronics, Inc. Wheel Size Monitor

The Encore w heel m on ito r p rov ides a signal, w h ich  is close to a "half-sine-w ave" for 
every  w heel th a t passes (see F igure 8 for a de tailed  v iew  of responses from  a single 
w heel and  test train). The p eak  response (changing s lope & height) of the  m o n ito r 's  
s ignatu re  is re la ted  to a passing  w heel's  diam eter. The m on ito r 's  o u tp u t is a m easu re  of 
w heel cu rva tu re  because the detector is sensitive to  the  proxim ity  of a w heel's  ou te r 
flange. The m on ito r is typically  fixed to the  gage side of the  rail. The o u tp u t w avefo rm  
of the m on ito r is also speed  d ependen t because the w aveform  is p roportionally  
com pressed  along the  tim e-based axis as passing  w heels rim  faster. This m eans th a t 
m ost applications requ ire  these m onitors to set u p  in  pairs.

A  p a ir  of w heel m onito rs  along w ith  chip-base p rocessors can p rov ide  in fo rm ation  on 
the  am oun t of flange overhang , the rate of change of w heel overhang, and  estim ates of 
an  axle's o p era tin g  angle-of-attack. The m easures are k n o w n  to relate to the quality  of 
opera tion  of pass in g  trucks. M any  of the m easures p ro v id ed  by  th is new ly  designed  
w heel m on ito r are still in th e ir infancy and-on the  cu tting  edge of dynam ic railcar 
m onito ring  technology.
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Figure 8. Encore Wheel Sensor Response

5.3 NSEW MICROPHONE DATA COLLECTION
N orth-South-East-W est (NSEW), located in,C lifton Park, N ew  Y ork, p ro v id ed  initial 
consulting  services in  1995. O w n er R ichard Sm ith p rov ides a v a rie ty  of engineering 
services in  m achinery  diagnostics an d  data  evaluation. M r. Sm ith  has 31 years 
experience in  engineering research  covering m an y  governm ent a n d  com m ercial topics. 
H e is one of the original p a ten t ho lders  of the  first w ayside acoustic  detector p u t into 
ra ilroad  service. D uring  the p a s t five years, NSEW  has p ro v id ed  technical assistance to  
the AAR and  m ore recently to TTCI.

5.3.1 History of Acoustic Wayside Monitoring
The identification of railcar b earin g  defects w ith  acoustic technology  goes back to  1986 
w h en  M r. Sm ith p resented  a p a p e r  titled  "A coustic S ignatures of V arious Roller Bearing 
D efects" a t AAR sponsored conference Railroad Bearing Failure Detection and Diagnosis
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h e ld  a t the  U niversity  of Illinois. The first w ayside acoustic detection of in-service 
ra ilro ad  ro ller bearing  defects w a s  reported  in  an  ASME p a p e r he co -au thored .1

5.3.2 NSEW Acoustic Wayside Monitoring Participant Results
NSEW  used  four separa te  m icrophones during  the  FRA W ayside A coustic Test 
E valuation  p ro g ram  to record  p ass in g  bearing  signatu res from  the te s t trains. Two 
m icrophones w ere  of the "parabo lic"  design and  are sh o w n  in  Figure 9, as they  w ere 
m o u n ted  in  the  FRA test reco rd in g  program . A parabolic  m icrophone is an  ideal long 
standoff non-contacting  sensor a n d  is effective as a rem o te  acoustic m o n ito r of rolling 
e lem en t bearings. A coustic signals  em itted  by  defective 
bearings can be p icked  u p  fro m  rem ote  locations w ith  a 
parabo lic  m icrophone. Even in  the  presence of h igh  
back g ro u n d  noise parabolic  reflecto rs can am plify sounds 
com ing from  specific line-of-sight locations.

F igure  10 illustrates one of th e  NSEW  recordings of a 
pass in g  test train . The figure  w a s  derived from  p o st 
p rocessing  one of th e  d ep lo y ed  m icrophones. Several 
specific bearings w ith  k n o w n  d eg rad ed  com ponents in  the  
te s t consist can be iden tified  fro m  this sim ple graphic (i.e.,
6 of the  14 to tal defects p re sen t, if w heel flats are ignored).
Flags have  been  attached  to  th e  to p  of the defective passing  
bearings w ith  the h ighest p e ak s  in  the figure. The arrow s 
a t the  base of the d isp lay  con firm  th a t bearings w ere in  the  
consist a t the  locations in d ica ted  b y  the flagged bearings.
This sim ple d iagnostic  d isp lay  is instructive because it uses 
on ly  the  p eak  rank ings of th e  pass in g  bearing 's processed 
acoustic o u tp u t to  accurately  locate several defective 
bearings.

H ow ever, no te  th a t som e d efect types will no t be found 
w ith  th is type  of analysis b ecau se  they  m ay generate sm all 
am oun ts  of acoustic o u tp u t e v en  th ough  they contain defects. This can be seen from  the 
g raph ic  w here  a rrow s are p o in tin g  to  bearings -  ye t they  have sm all am p litu d e  acoustic 
peaks above them .

Figure 9. NSEW Parabolic 
Microphones

W ith  th is sim ple d iagnostic  ap p ro ach  m ore (or less) bearings could be "culled-out" by 
changing  the  "detection" lev e l (dashed  line in  the graphic), w hich is arb itrary , and in 
practice is set by  experience. A  p re-se t detection level p rov ides a h ig h er (or lower) 
degree  of detection accuracy  d ep en d in g  upon  the num ber of defects th a t pass their 
■tendency to p rov ide  the  h ig h  level outputs required  of th is schem e, and  the  details of

1 Wayside Acoustic Detection of Railroad Roller Bearing Defects,” R.L. Florom, A.R. Hiatt, J.E. Bambara, 
and R.L. Smith, Proceeding of the ASME Winter Annual Meeting, Boston, MA, Dec. 13-18, 1987.
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the  post-process chosen to  generate  the acoustic curves d isp layed . If a h igher cut-off 
level is used  to cull-out defective bearings, it tends to  p ro v id e  greater accuracy in  defect 
identification — b u t few er bearings are culled for inspection. Likewise, if the detection 
level is low ered w ith  th is schem e, m any  called-out bearings w o u ld  contain no  defects a t 
all because even the  best bearings generate  som e sound .

r *
Cone
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Cup Spalls, 
Rprbl Cone

Cup Spall & Water 
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NSEW
Recording

?

Figure 10. NSEW Recording of Passing Train

6.0 DISCUSSION

6.1 TTCI ACOUSTIC DETECTOR

6.1.1 Summary
Tw o m ethods of detector evalua tion  w ere m ade. The first invo lved  TTCI researchers 
analyzing the  processed d a ta  b y  h an d , and  selecting b earings th a t fit the  defective 
bearing  profile based  on  th e ir expert know ledge. These resu lts, for the b lind  test, w ere 
p resen ted  in  Figure 6, an d  show  th a t in  spite of the ex traneous noise in  the data, just 
over 60 percent of the  condem nab le  bearing  defects w ere  selected. H ow ever, since this 
process w as done for the  m o st p a r t  using  expert know ledge, it conveys lim ited 
inform ation on the evalua tion  of the  TTCI detector. The evalua tion  technique(s) built 
in to  the detector w ill u ltim ate ly  determ ine its effective use. If it h ad  been  possible, the 
expert system  m odel w o u ld  h av e  been  created p rio r to th is evalua tion  test, b u t no 
database using this detecto r eq u ip m en t w as available. The sim ilar detector installed in
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N ew  Jersey h ad  n o t p ro d u ced  th e  bearing  inspection rep o rts  to  d a te  th a t w ou ld  have 
a llow ed  th is to be done, due  to  business levels n o t a llow ing  ad eq u a te  tim e for bearing  
rem ovals an d  inspections. T herefore, a m odel w as u n d e rtak en  u sing  the  d a ta  from  this 
test, an d  it w as u sed  to evaluate  the  detector for th is test. In  o rd er th a t the  d a ta  w as n o t 
o v eru sed  (i.e. m em orized  in  p a tte rn  recognition term s), a lim ited  m odel w as developed  
u s in g  a sm all set of bearing  fea tu re  data.

The h an d  analysis of the b lind  d a ta  d id  show  tha t sufficient da ta  can be collected w ith  
th e  m u ltip le  m icrophone a rray  to  evaluate different b earin g  defect types. It also 
sh o w ed  th a t there  are features th a t m ake the  condem nable defective bearings stand  o u t 
from  those of lesser defect size o r acceptable bearings. This is im p o rtan t because, w ith  
tra in in g  an d  m ore  data, a p a tte rn  recognition m ethod  can  be u sed  to  also find  those 
b earings th a t stand  out, and  fin d  critical defects th a t sh o u ld  be rem oved  from  service. 
The on ly  exception to  the  b lin d  te s t results w as th a t the  sp u n  cone defects w ere  no t 
selected. Those w ill be evalua ted  again  in  the d iscussion of the  expert system  analytical 
m o d e l results.

A n  expert system  analytical m o d e l w as also used  for defective bearing  evaluation  of the  
TTCI acoustic detector. U ltim ately , the near real-tim e analysis of bearings b y  the 
de tec to r is the  m ethod  th a t w o u ld  be u sed  in  service to  determ ine  bearin g  perform ance. 
B ased on  the  calculated acoustic bearing  condition (ABC) value, a p a rticu la r bearing  
w o u ld  o r w o u ld  n o t be selected for rem oval and inspection. The resu lts  have  suggested  
th a t the  expert system  shou ld  be fu rth er optim ized after th e  database has been  
ex p an d ed  to include a larger q u an tity  and  variety of defective bearings u n d e r b roader 
o p era tin g  conditions. It is im p o rtan t, how ever, to rev iew  in  som e detail ju s t how  
effective th is initial expert system  d id  in  selection of defective bearings b y  defect type. 
S orting  critical bearing  defects b y  ty p e  w as an im p o rtan t objective o f th is jo in t p rogram .

For th is  test, the  consists w ere  selected  to p rovide a b ro ad  scope of b earin g  conditions 
a n d  typical service factors th a t w o u ld  influence bearing  defect recognition. These 
factors included  flat w heels, locom otive noise, and defective bearings on  the  far side of 
th e  car from  the  detector. In  add ition , o ther bearing defects w ere in tro d u ced  in to  this 
p ro g ram  th a t h ad  n o t been  u sed  before. These included loose backing  rings, oversize 
cone bore  (possibly early  sp u n  cone representations), an d  som e non-condem nable  (by 
A A R  standards) racew ay spalls. These defects w ere inc luded  to de term ine  the  
sensitiv ity  of the  detection system s to  sm aller defect sizes.

W hen  all factors are considered  (as m entioned  above), th e  operation  of the  p rop rie ta ry  
TTCI acoustic detector w as still good. O f the condem nable defects th a t the  detector w as 
expected  to  find, d u rin g  th is p ro g ram , the analytical m o d e l correctly iden tified  each 
defect ty p e  a t least once. This w as n o t accom plished w ith  the  b lind test results. O n 
average, there  w as about a 40 percen t success rate based  on  a m id-range th resho ld  
se ttin g  based  on  to tal bearing  passes. W ith a m id-range threshold , th e  false resu lts w ere
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lim ited  to about 5 percent. W hat is encourag ing  about these  resu lts is th a t th is system  is ' 
largely  un trained , and  can be expected to p erfo rm  its p a tte rn  recognition be tte r w h en  
g iven  better data  (less noise com plications) an d  m ore im p o rtan tly  m ore da ta  (w ider 
range  of defect sizes and  variations). The caveat to  these resu lt is th a t th is m odel w as 
b u ilt on a sm all database, and  its perform ance in  revenue service is u n k n o w n  a t this 
tim e.

The m ost difficult defect type to  recognize w o u ld  appear to  be a ro ller defect on  the 
inboard  side of the  bearing, follow ed by  inboard  cone defects.

A  sp u n  cone defect is inheren tly  different from  the  o ther defects, w hich  are generally  
racew ay anom alies. A  sp u n  cone has lost its fit to  the  axle journal, an d  m ay  be m oving  
in  a p lanetary  m otion  about the  journal, w ith  its rollers b o th  slid ing  and  ro lling  on  the 
racew ays. A n acoustic p a tte rn  to  th is defect w as seen in  d a ta  tak en  earlier in  th is 
p rogram , b u t it appears th a t th is p a tte rn  m ay  v a ry  and  n o t alw ays m anifest itself in  the  
sam e m anner. M ore sp u n  cone exam ples w o u ld  be n eed ed  to  optim ize an  analytical 
p rocedu re  for selecting th is defect on  a consistent basis in  service. The sp u n  cone 
defects used  in  the  test w ere detec ted  abou t 40 percen t of the  tim e at a m id-range 
th resho ld  level. These w ere n o t selected in  the  b lin d  test analysis b y  the  TTCI 
researchers.

G enerally, the w a ter etch cup defect, in  sp ite  of its lack of acoustic volum e, w as detected  
fairly consistently. This is encourag ing  because w a ter etch  is a p articu la r p rob lem  for 
low -m ileage cars w hose bearings ten d  to see m any  years of service betw een  
reconditioning cycles, an d  the etch ing  does lead  to  fu rther bearing  d eg rad a tio n  an d  
service problem s.

The loose backing ring  w as a n ew  defect in tro d u ced  in to  th is p rogram . M any w ith in  
the  industry  have asked w h e th er th is defect can be  detected  acoustically. The exam ple 
w heelsets u sed  in  the  test cam e from  a ra ilroad  w heel shop , directly  from  the  inspection  
track, having been  shopped  for loose backing  rings. O ther bearing  conditions existing 
p rio r to the test w as unknow n. The p o st test inspection  revealed  th a t the  bearings on 
the  loose backing ring  w heelsets h a d  som e h e a t d iscoloration (W32LBR) and  in  one case 
a barline cone spall (W31LBR). These resu lts  are encourag ing  and  illustra te  th a t loose 
backing  rings, indicative of o ther po ten tia l p roblem s, m ay  be detected.

In  general, cup defects (single o r m ultip le  spalls o r brinells) w ere  detected  as long  as the 
defect w as in  the load  zone u n d e r the  adap ter. It is expected th a t th is defect w ill be the 
easier to find in service, as long  as the  defective area is loaded.
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6.1.2 Detector Performance Specifics
Q uan tify ing  b earin g  perform ance w as n o t a particu larly  easy  task  because the  condition 
of all bearings in  th e  test consists w ere  n o t a know n quan tity . A lthough  specific 
bearings w ith  defects w ere m o u n ted  for th is test, the  rem ain ing  bearings in  the  test cars 
w ere  of u n k n o w n  condition. D u rin g  the  course of testing , it becam e ap p a ren t tha t 
several of these u n k n o w n  bearings possib ly  contained defects as well. It w as som e tim e 
before several of these  bearings w ere  d ism ounted  an d  inspected , and  n o t all the  
u n k n o w n  bearings have  or w ill be  inspected.

Table 9 gives the  specific resu lts o f the  analysis m ade on  each bearing  in  the  various test 
tra in  consists. These results w ill be  rep eated  here in  a b ro ad e r m anner. For th is 
quan tification  of defects, the rev erse  d irection consists have  been  ignored  as w ell as the 
detection  of defects o n  the far s id e  from  the  detector array  (see Section 6.3 for 
exp lanation  of low  signals from  far side defects). The resu lts  p resen ted  h ere  are from  
consists 6, 7, an d  9. The results from  consists 8 and  10 are  included  only  for those good 
bearings p u rp o se fu lly  m o u n ted  opposite  a defect on  the  sam e axle. The good  bearings 
(no defects) w ere  on  the  near s id e  (proxim ate to the  detecto r array) in  m ost cases for 
consists 8 an d  10.

The resu lts  are quantified  b a sed  on: 1) all know n defects (those bearings m oun ted  
for th is te st an d  those  u n k n o w n  b u t now  inspected bearings th a t contained  defects), and  
2) those b earin g  defects tha t w e re  expected to be recognized. The expectation of defect 
recognition  is an  im p o rtan t p o in t because the list of defects for this en tire  FR A /A A R  
P rog ram  (refer to  Section 1.0) is based  on AAR condem nable sizes, an d  th is particu la r 
test con tained  several bearing  defects outside the scope of th is program . The 
recognition  of sm aller defects o r  defect types outside the  scope of the p ro g ram  should  
be  ju d g ed  separately .

F igure 11 is an  analytical p lo t from  these three days of FRA acoustic bearing  testing  
p erfo rm ed  a t TTC. The vertical scale is an  analytical rep resen ta tion  o f the  ABC values 
th a t w ere  calcu lated  from  m easu red  m icrophone signatu re  characteristics collected 
from  n early  1,000 bearing  passes. This p lo t is a com posite o u tp u t com puted  from  
m icrophone read ings collected from  all tra in  (and bearing) passes. Each p o in t in  the 
d isp lay  rep resen ts  a separate  b earin g  pass.

The horizon ta l axis p rov ides th e  axle location of the bearings as they  w en t by  the  
w ayside  array . Three separa te  consists, w ith  axle counts rang ing  from  24 to 36, w ere 
rim  by  the  detec to r d u rin g  th e  test cycle. The first four axles in  the d isp lay  rep resen t 
locom otive bearings. All o th e r da ta  poin ts are derived from  test car bearings.

The large "squares"  are  from  shop-confirm ed inspected defective bearings w ith  a t least 
one or m ore  condem nable m o u n ted  com ponent(s). R ight slanted "slash-m arks" are
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from  bearings w ith  one or m ore, non-condem nable , y e t visually detectable com ponen t 
defect(s). The sm all " ligh tly -shaded" do ts  a re  from  bearings tha t w ere  n o t inspected  b u t 
w ere  assum ed to  be acceptable by  AAR s tan d a rd s .
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Figure 11. ABC Value versus Axle Number

There are 54 "condem nable" defects th a t h a v e  ABC values greater th an  0.80 in  the  
d isp layed  plot. There w ere  no non-condem nable  bearings that p ro d u ced  ABC o u tp u ts  
above this arb itrary  cut-off level.

N ote  tha t there  w ere 132-bearing passes w ith  an  ABC rank ing  value above the  0.50 
level. O h these, 82 percen t contained p ro v en  condem nable  defects. The 0.50 ABC value  
w as u sed  as a m id-rage th resho ld  level for analyz ing  results. This level p ro d u ced  only 
5 percen t tru ly  false readings. The difference b e tw een  the  82 percent defects an d  the 5 
percen t false w ere 13 percen t bearings of u n k n o w n  condition. If a low er th resho ld  ABC 
value is used , it w ill cap ture  m ore of the defective bearing  passes, b u t w ith  a h igher 
false selection rate. Table 12 show s the p e rcen tag e  of defect selections an d  false 
selections a t vary ing  th resho ld  levels. F rom  th is inform ation, it w as ded u ced  th a t 0.50 
w as a good th resho ld  level to use.

26



The com posite p lo t of ABC v a lu es  in  Figure 11 indicates th a t each bearing , 
regard less of its condition, p ro v id es  a slightly  different level of acoustic o u tp u t d u rin g  
every  tra in  pass. V arious levels o f  acoustic o u tpu t occur -  even  if the  bearings go by  a t 
iden tical speeds. W hen  successful, the  defect identification expert system  th a t 
com putes the  ABC values of a p a ss in g  bearing  lift o u t m an y  passing  defective bearings 
an d  su pp ress m any  of those assum ed  to  be defect free.

Table 13 contains a tab le  listing th e  defect categories w ith  the  n u m b er of those selected 
a t the  various th resho ld  levels. A t the  0.50 level, abou t 40 percen t of the  defective 
bearings for all tra in  passes (d ifferent speeds and carloads) are selected. The d a ta  in 
th is  table also illustra tes th a t the  location and  type of defect g reatly  affects the  ability  of 
the  detecto r to d iscern  (i.e. in b o ard  vs. outboard). This tab le  also show s th a t the  critical 
sp u n  cone defect w as selected o v e r 40 percen t of the  tim e u sing  a th resho ld  of 0.50. This 
is an  im p o rtan t p o in t for the fu tu re  developm ent of th is technology.

F u rth er analysis of the  data  m ay  b e  needed  to determ ine the  cause of the  w id e  
varia tions seen  w ith in  the  data. A  large com ponent of th is  varia tion  is expected  to be 
d u e  to  the  ex traneous noise in  th e  data, speed, and  bearing  load  variations. N oise 
p rob lem s can be abated  by  selection  of a track location th a t has a fairly constan t tra in  
speed  range. B earing load varia tions can be m itigated b y  ignoring  em pty  car bearings 
u n til add itiona l em p ty  car d a ta  is available for detector tra in ing .

Table 12. Table of Bearing Selections versus ABC Level

A B C  V a lu e  R a n g e s

>1.0 >0.75 >0.50 >0.25 >0.00 >-.50
No. of Bearing Passes > 
ABC Value

16 54 132 391 769 912

Condemnable Bearings > 
ABC Value

16 54 108 189 219 219

Percent Condemnable 
Bearings > ABC Level

100% 100% 81.8% 48.3% 28.5% 24.0%

Non-Condemnable 
Bearings > ABC Level

0 0 24 202 550 693

Percent Non-Condemnable 
Bearings > ABC Value

0% 0% 18.2% 51.7% 71.5% 76.0%
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Table 13. Table of Bearing Selection by Defect Type versus ABC Level

Condemnable Bearings 
by Defect Type

B e a r in g  P a s s e s  w ith  A B C  V a lu e s  A b o v e  R a n g e  S p e c if ie d

>1.0 >0.75 >0.50 >0.25 >0.00 >-.50
Cup Inboard Defects 8 24 48 85 96 96
Cup Outboard Defects 8 18 28 55 61 61
Cone Inboard Defects 0 3 12 31 37 37
Cone Outboard Defects 3 12 29 57 68 68
Roller Inboard Defects 0 3 5 30 38 38
Roller Outboard Defects 2 10 18 40 49 49
Spun Cone Defects 0 3 13 23 30 30
Total No. of Bearings 21 73 153 321 379 379

6.2 TTCI ACOUSTIC BEARING DETECTOR -  FLAT WHEEL COMPLICATIONS
W heels w ith  flats w ere in troduced  in to  th is test to  see the  effect they  w o u ld  h av e  on  
bearing  detection. It is readily  ap p aren t th a t there  is an  effect, and  it is significant.

F igure 12 contains a typical acoustic s ignatu re  from  a com plete tra in  pass th a t h as  at 
least three "flat" wheels. The center of each p ass in g  flat w heel is ind icated  w ith  an  
arrow  at the base of the plot. The w heel ind ica ted  b y  the arrow  in  the m id d le  h as  a 
single flat spot on  its periphery . The o ther flat w heels have  m ultip le  flats th a t generate  
m ore then  one im pact per revo lu tion  of the  w heels. This is ev iden t even  from  the  
h ighly  com pressed plot.

A  close-up view  of one of the passing  flat w heels is show n in  F igure 13. Five im pacts 
can be seen at equally  spaced intervals. Even w ith  the  evidence of the im pacts, 
how ever, there are m any o ther acoustic v aria tions in term ixed in  the  signature. The 
question w hether the acoustic inform ation  from  bearing  defects can be de tec ted  even  
th o u g h  the im pacts are present. In  m ost cases, the  answ er is yes. But in  o th e r cases, the  
bearing  signature w ill be degraded . Since a la rge  flat on  a w heel can generate  once p er 
revolu tion  signals w ith  po tentially  b ro ad  b an d  frequency content, it m ay  u ltim ate ly  
"m ask" the defect signatures p ro duced  b y  bearings.
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Figure 12. Train Acoustic Time History with Wheel Flats

Figure 13. Close-up View of Acoustic Time History of a Single Flat Wheel’s Multiple Impacts

The m ain  reason  the  b earing  sig n a tu res  can often be d iscerned (even w h en  w heel 
im pacts are p resen t) lies in  th e  d iffering  character of the  frequencies generated  by  w heel 
flats versus b earin g  defects. M u ch  like speech can be h ea rd  over ham m ering  in  a 
p ro d u c tio n  p lan t, som e bearin g  signals can be heard  w h en  w heel im pacts are nearby  or 
o n  the  sam e w heel. A n im pacting  w heel generates large am plitude signals, b u t a 
b earin g  generates a steadier repe titive  periodic acoustic ou tpu t. It is on  these subtle 
differences th a t m ost of to d a y 's  diagnostic schem es depend . S teady period ic  signals 
from  defective bearings essentially  ride  the w ave of the  im pacting w heels. Just as 
specific w o rd s  can  be heard  o v e r ham m er blow s so can bearing  defects. The flat w heels 
u sed  in  th is test w ere  no t likely  to  have exceeded the  rem oval criteria for a w heel flat 
de tec to r p e r A A R  standards.

It is w ell kno w n  th a t a w h ee l's  "flatness" characteristic changes over tim e. A s soon as a 
fla t is created  on  a w heel, it b eg in s  to ham m er itself out. D uring  each w heel revolution, 
th e  sharp  edges of the flat s trik e  the rail hardest and  as a resu lt get sm oother over a

29



sh o rt period  of tim e (although th is w ill tend  to  d ep en d  on  in itial flat size). This process 
tends to  reduce the n um ber and  m agn itude  of h ig h  level im pacts th a t are p re sen t a t any
tim e in  rail service (again based  on  initial size). This is actually  a positive situa tion  from  
a bearing  diagnostic standpoin t. The low er the  levels of w heel im pacts, the  easier it is 
to  d iscern  bearing  problem s th a t are present.

\

6.3 BEARING DEFECTS ON OPPOSITE SIDE OF CAR FROM THE DETECTOR
Defective bearings on bo th  ends of the  sam e axle m ay  deg rad e  the accuracy of defective 
bearing  detection. Just as flat w heels m ay confuse bearin g  defect detection, so could  a 
second defect signal generated  on  the  far end  of a g iven  w heelset. A few  details re la ted  
to the  arrival of m ultip le  defective bearing  so u n d  sources p re sen t on  a single axle are 
considered  in  the follow ing parag raphs.

Acoustic signals em anating  from  a defective bearin g  on  the  far end  of a passing  axle can 
reach  a w ayside m icrophone in  tw o  w ays. The signal can pass th ro u g h  the  steel axle 
an d  com e ou t the near side. O r it can com e a ro u n d  the  far side w heel th ro u g h  the  air. In  
e ither case, the acoustic signal from  the far side bearin g  is g reatly  reduced  com pared  to  
th a t em anating from  a near side bearing.

A n estim ate of the relative intensities from  d u a l signatu res arriv ing  th ro u g h  the  air can 
be m ade. First assum e th a t the m onito ring  m icrophones are positioned  4 feet back  from  
the  nearest side rail. A freight car axle is approx im ate ly  6 feet long. It is also know n  
th a t acoustic signals from  any source decrease in  in tensity  by  the  square of the  d istance 
from  the m icrophone. From  these facts, it is estim ated  th a t the sounds from  a far side 
bearing  w ill be 6.25 tim es sm aller (or 0.16 tim es th e  m agnitude) than  a signal from  the 
n ear side bearing  [(4x4)/(10x10)]. In  practice, th e  far side sounds w ill be reduced  even  
fu rth er since the far side w heel p reven ts  those so u n d s from  traveling  a straight-line 
p a th  to the nearest m icrophone. In  o rder to reach  the  n ear side m icrophone, a far side 
source m ust go ou t and  a ro u n d  th e  far side w heel, fu rth er increasing the  p a th  length.

S ound  attenuation  estim ates of signals traveling  th ro u g h  the  axle are m ore difficult to 
calculate th an  those traveling  th ro u g h  the  air. S ound  th a t travels th ro u g h  the  axle can 
be a ttenuated  (absorbed) in  m any  w ays. M aterial acoustic dam ping  and  the reduction  
of acoustic signals transferred  th ro u g h  solids is v e ry  com plex. A ttenuation  dep en d s on  
tem peratu re , specific m aterial com position, su p p o rt struc tu re  interfacing, and  the 
com posite fits of the various com ponents th a t m ake u p  the  solid  (i.e., w heel, axle, 
bearing , spacers, backing rings, etc.). D espite the  com plexity, it is estim ated  th a t the 
a ttenuation  of vibrations arriv ing  from  the far side  via the  axle structu re  w o u ld  be 
reduced  by  a factor of 10 to  20 com pared  to a n ear side source. The only caveat w ou ld  
be th a t the signals w ere so s trong  th a t they  w o u ld  induce a resonance in  the axle 
struc tu re  or w heelset.
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To sum m arize, it is anticipated  th a t the  p resence o f defects on  b o th  ends of the  axle 
sh o u ld  be to ta lly  separa te  since w ayside  installations w o u ld  have  d u a l m icrophone 
a rray s  on  each  side of a passing  tra in . F rom  the above discussion, it w o u ld  ap p ea r th a t 
th e  signals from  each  side of the  tra in  w o u ld  be separab le  d u e  to  the p rox im ity  of the 
p ass in g  bearings to  its m icrophone array . D uring  the  course of this test a t TTC, 
defective bearings w ere  p laced o n  the  far side of the  tra in  on  order to estim ate the  above 
m en tio n ed  effects. There w ere n o t, how ever, tw o defective bearings on  any  sam e axle.

The resu lts  of a far side bearing  defect signal reaching  the  a rray  are b est illu stra ted  in  
F igure  6, for consists 8 and  10. For these consists, the  tra in  w as reversed  and  the  
m ajority  of defective bearings w ere  on  the  far side. A s show n, the far side signals w ere 
g rea tly  a tten u a ted  com pared  to  th e  tra in  opera ting  in  the  reverse direction w ith  
iden tical bearings on  the near side  of the  tra in  (consists 7 an d  9, respectively). A lthough  
signal streng ths are  n o t show n in  th is figure, these are the  Expert System  m odel results 
estim ating  th e  likely presence of defects. Defects "h ea rd "  on  the  near side w ere m issed 
-  a lm ost w ith o u t exception -  w h en  located on  the  far side. For the b lind  test, selections 
of fa r side bearings w ere very  low  (<15 percent), correla ting  w ith  these m odel results.

7.0 CONCLUSIONS

A  defective bearin g  p roduces acoustic features th a t can be  used  to characterize its 
in te rn a l o p era ting  in tegrity  from  w ayside  m icrophone arrays. Bearings w ith  m ino r or 
no  in ternal com ponen t defects also p ro d u ce  acoustic o u tp u ts  w ith  d ifferent 
characteristics th a t w ill allow  w ayside  array  system s to evaluate their good  condition  as 
w ell. The fo llow ing conclusions have  been  d raw n  from  the  evaluation  of the TTCI 
w ay sid e  acoustic bearing  detector.

• M anual m ethods app lied  to  the  b lind  da ta  h a d  som e success in  selecting 
condem nable  defects (about 60 percen t of to ta l bearings used) u s ing  m ultip le  
tra in  passes to aid  in  the  analysis. The analytical m odel resu lts Were based  on  
bearin g  passes (was the  bearin g  selected each tim e it passed the  detector).

• U sing  a m id-range detec tion  th resho ld  and  the  analytical m odel, the detector 
w as able to  select abou t 40 p ercen t of the defective bearings on  an  average tra in  
pass (based on  an average of all da ta  from  all tra in  passes). The false indication 
ra te  w as 5 percen t at th is th resho ld  level. Some of the  test tra in  bearings are still 
of u n k n o w n  condition an d  w ere excluded in  these percentages.

• C ritical defects such as the  sp u n  cone w ere detec ted  at about the  average level 
(40 percent)

• A nalysis of da ta  by  defect ty p e  show s th a t ro ller defects w ere the  ha rd est to 
detect (26 percent).
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• The analysis of d a ta  b y  defect location show s th a t inboard  com ponents (inboard  
. cone assem bly and  rollers) w ill be h a rd e r to detect for defects th an  o u tboard

locations.

•  For a given type of defect, the  acoustic o u tp u t of the  bearings as analyzed  by  the  
detector show s w ide  variations. These varia tions are likely du e  to ex traneous 
noise, variations w ith in  the  bearings them selves, and  various tra in  o pera ting  an d  
environm ental conditions (i.e. speeds, w in d , o ther car b o rne  noise, and
w heel / r a i l  interaction).

• A careful analysis of the  raw  acoustic tim e histories show ed  th a t ex traneous 
noise w as p resen t in  the  d a ta  caused b y  th e  sensors and  da ta  collection 
equipm ent.

• Based on the type of technology an d  analysis techniques in  use, it is expected 
th a t the detector shou ld  h av e  considerably  better results w ith  ex traneous noise 
abatem ent, tra in  noise m itigation , an d  add itiona l tra in ing  (exposure to  b ro ad er 
defective bearing  sam ple).

• Bearing defects located o n  the  far side of the  axle should  have  little im pact on  the  
analysis of the  near side bearing.

• W heel defects th a t create im pacts w ith  the  ra il w ill tend  to  m ask  bearing  acoustic 
signatures. The larger the  im pact of the  w heel, the  greater the  effect on  the  
bearing  data.

• In general, the Phase HI test w as a success in  th a t a perform ance evalua tion  of th e  
only N o rth  A m erican advanced  p ro to ty p e  acoustic bearing  detector w as 
perform ed.

8.0 RECOMMENDATIONS

Based on the discussion of resu lts and  the  conclusions d raw n, the  follow ing 
recom m endations are m ade:

• The perform ance of the  TTCI detecto r shou ld  be fu rther developed  to elim inate 
the extraneous noise p rob lem s th a t w ere  seen  in  th is data.

• The TTCI acoustic bearing  detector needs fu rth er tra in ing  to be m ore  effective in  
service use. The b earing  defect p o p u la tio n s  w ere  sm all in  ligh t of the  varia tions 
in the data  seen (i.e. for a single b earing  over m ultip le  passes). •

• The perform ance of th is k in d  of technology  (pattern  recognition) is difficult w ith  
a restricted test sam ple size.

• A lthough  difficult to determ ine, a perform ance standard  for evaluation  of 
bearing  detection shou ld  be developed.
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• The resu lts of this test w ere  encouraging  en o u g h  to  recom m end th a t field testing  
and  tra in ing  of advanced  acoustic bearing  detection  be u n d e rtak en  in  ra ilroad  
service. ■

• A dditional analytical techniques m ay  be recom m ended  for im prov ing  
perform ance for h a rd  to  detect defects (inboard  ro llers and  cones).

• Since bearing  load is an  im p o rtan t param eter in  bearing  defect recognition, a 
m eans of obtain ing th is inform ation  for the  detector shou ld  be explored .
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APPENDIX A:

LIST OF PARTICIPANTS, 
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1. Transportation Technology Center, Inc.
TTCI insta lled  a w ayside  acoustic bearing  detecto r system  p ro to ty p e  for 
ev alu a tio n  in  th is  p rogram . The system  consisted of a w ayside  m icrophone 
enclosure  h o u sin g  m ultip le  m icrophones, w heel sensors, and  a com puter system  
for d a ta  acqu isition  and  analysis.

2. Encore Electronics, Inc.
Encore E lectronics m o u n ted  an  im proved  w heel sensor for w heel size 
d e term in a tio n , as w ell as w heel speed.

3. North-South-East-West
NSEW  insta lled  tw o  parabolic m icrophones to  collect w ayside  d a ta  d u rin g  th is 
test p ro g ram .
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APPENDIX B:

PHOTOGRAPHS OF ALL DEFECTS 
BY BEARING NUMBER

How to interpret file names:

B###: bearing number.
CILZ : cup inboard load-zone.
COLZ : cup outboard load-zone.
(Inboard : nearest the center of the track.)
(Outboard : furthest from the center of the track.)
CONEOUT : cone furthest away from the center of the track.
CONEOUTBOARD : cone furthest away from the center of the track.
CONEIN : cone closest to the center of the track.
CONEINBOARD : cone closest to the center of the track.
R : when following either CONEIN or CONEOUT file, denotes a picture of a roller 
for that cone.

f
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BEARING #1 CLASS F "SPUN CONE" SERIAL #29814
CONE Inside Race No Defects Observed

Rollers No Defects Observed
Field Side Race No Defects Observed

Rollers No Defects Observed
CUP Inside Loaded Zone No Defects Observed

Not Under-Load No Defects Observed
Field Side Loaded Zone Single 1 /8  inch repaired spall Fig. B23, B24

N ot Under-Load No Defects Observed

BEARING #3 CLASS E "SINGLE CONE SPALL" SERIAL # 84372
CONE Inside Race No Defects Observed

Rollers No Defects Observed
Field Side Race Single line spall manufactured by grinding Fig. B9

Rollers No Defects Observed
CUP Inside Loaded Zone No Defects Observed

N ot Under-Load No Defects Observed
Field Side Loaded Zone No Defects Observed

Not Under-Load No Defects Observed

BEARING #5 CLASS F "SINGLE CUP SPALL" SERIAL # 87958
CONE Inside Race No Defects Observed

Rollers No Defects Observed
Field Side Race No Defects Observed

Rollers No Defects Observed
CUP Inside Loaded Zone Spalls, 1 severe, 3 less than or equal to Vi" Fig. B30

, Not Under-Load W ater etched, single Vi" spall Fig. B29
Field Side Loaded Zone Single line spall Fig. B31

N ot Under-Load No Defects Observed
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BEARING #7 CLASS F E "SINGLE CONE SPALL" SERIAL # 34593
CONE Inside Race Single W  line spall manufactured by grinding Fig. B ll

Rollers No Defects Observed
Field Side Race No Defects Observed

Rollers No Defects Observed
CUP Inside Loaded Zone No Defects Observed

Not Under-Load Single small repaired spall Fig. BIO
Field Side Loaded Zone No Defects Observed

N ot Under-Load No Defects Observed

BEARING #9 CLASS E "BROKEN ROLLER" SERIAL # 83622
CONE Inside Race No Defects Observed

Rollers No Defects Observed
Field Side Race No Defects Observed

Rollers Single W ' flat manufactured by grinding Fig. B14
CUP Inside Loaded Zone No Defects Observed

Not Under-Load No Defects Observed
Field Side Loaded Zone No Defects Observed

Not Under-Load No Defects Observed

BEARING #11 CLASS E "WATER ETCH" SERIAL #X-167
CONE Inside Race Three very small spalls Fig. B22

Rollers Three each have very small spalls
Field Side Race W ater etched Fig. B20

Rollers W ater etched Fig. B21
CUP Inside Loaded Zone W ater etched with very small spalls Fig. B19

Not Under-Load Small repaired spalls
Field Side Loaded Zone Small repaired spalls Fig. B18

Not Under-Load Small repaired spalls
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BEARING #14 CLASS F "SPUN CONE" SERIAL #10915
CONE Inside Race Single 1/16 inch repaired spall Fig. B12

Rollers No Defects Observed
Field Side Race No Defects Observed

Rollers No Defects Observed
CUP Inside Loaded Zone No Defects Observed

Not Under-Load No Defects Observed
Field Side Loaded Zone No Defects Observed

Not Under-Load No Defects Observed

BEARING #15 CLASS F "SPUN CONE" SERIAL #61405
CONE Inside Race Repaired non-condemnable, six each Fig. B4

Rollers No Defects Observed
Field Side Race Six large spalls Fig. B1

Rollers Steel flakes in grease Fig. B23
CUP Inside Loaded Zone No Defects Observed

Not Under-Load No Defects Observed
Field Side Loaded Zone No Defects Observed

Not Under-Load No Defects Observed
Spacer Ring W orn Fig. B5
BEARING #18 CLASS E "SPUN CONE" SERIAL #18A

CONE Inside Race No Defects Observed
Rollers No Defects Observed

Field Side Race No Defects Observed
Rollers No Defects Observed

CUP Inside Loaded Zone No Defects Observed
Not Under-Load No Defects Observed

Field Side Loaded Zone No Defects Observed
Not Under-Load Small Repaired Spall Fig. B43
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BEARING #19 CLASS E "SPUN CONE" SERIAL #83333
CONE Inside Race No Defects Observed

Rollers No Defects Observed
Field Side Race No Defects Observed

Rollers No Defects Observed
CUP Inside Loaded Zone No Defects Observed

Not Under-Load No Defects Observed
Field Side Loaded Zone No Defects Observed

Not Under-Load No Defects Observed

BEARING #22 CLASS F "WATER ETCH" SERIAL #85882
CONE Inside Race M inor water etching ' Fig. B13

Rollers M inor water etching
Field Side Race M inor water etching Fig. B41, B42

Rollers M inor water etching Fig. B40
CUP Inside Loaded Zone M inor water etching Fig. B39

N ot Under-Load M inor water etching
Field Side Loaded Zone M inor water etching Fig. B38

N ot Under-Load Minor water etching

BEARING #24 CLASS F "Broken Roller" SERIAL # 39164
CONE Inside Race No Defects Observed

Rollers No Defects Observed
Field Side Race No Defects Observed

Rollers Single defect manufactured by grinding Fig. B37
CUP Inside Loaded Zone No Defects Observed

Not Under-Load No Defects Observed
Field Side Loaded Zone Very shallow repaired spalls

Not Under-Load No Defects Observed
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BEARING #26 CLASS E "MULTIPLE CONE SPALL" SERIAL #54871
CONE Inside Race Multiple spalls Fig. B44

Rollers No Defects Observed
Field Side Race No Defects Observed

Rollers No Defects Observed
CUP Inside Loaded Zone No Defects Observed

Not Under-Load No Defects Observed
Field Side Loaded Zone No Defects Observed

N ot Under-Load No Defects Observed

BEARING #27 CLASS E "MYSTERY" SERIAL # 18-T
CONE Inside Race No Defects Observed

Rollers Several spalls Fig. B36
Field Side Race Three small line spalls Fig. B34, B35

Rollers No Defects Observed, rollers are brown
CUP Inside Loaded Zone M any small dents Fig. B32

Not Under-Load M any small dents
Field Side Loaded Zone Brinnell Fig. B33

Not Under-Load No Defects Observed

BEARING #28 CLASS E "MULTIPLE CUP SPALL" SERIAL # 54900
CONE Inside Race No Defects Observed

Rollers No Defects Observed
Field Side Race No Defects Observed

Rollers No Defects Observed
CUP Inside Loaded Zone W ater etched Fig. B28

Not Under-Load Single spall Fig. B27
Field Side Loaded Zone M ultiple Spalls Fig. B26

N ot Under-Load M ultiple Spalls Fig. B25
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BEARING #30 CLASS F "MULTIPLE CONE SPALL" SERIAL # 31401
CONE Inside Race M any small spalls Fig. B6

Rollers No Defects Observed
Field Side Race One line spall and other spalls Fig. B7

Rollers No Defects Observed
CUP Inside Loaded Zone No Defects Observed

Not Under-Load No Defects Observed
Field Side Loaded Zone No Defects Observed

Not Under-Load No Defects Observed

BEARING #31 CLASS F "MYSTERY" SERIAL # 1041
CONE Inside Race M ultiple repaired spalls Fig. B17

Rollers Broken Fig. B17
Field Side Race No Defects Observed

Rollers No Defects Observed
CUP Inside Loaded Zone M ultiple Spalls, color shows excessive heat Fig. B16

N ot Under-Load No Defects Observed
Field Side Loaded Zone M ultiple Spalls Fig. B15

N ot Under-Load No Defects Observed

BEARING #32 CLASS F "MULTIPLE CUP SPALL" SERIAL #34576
CONE Inside Race No Defects Observed

Rollers No Defects Observed
Field Side Race No Defects Observed

Rollers No Defects Observed
CUP Inside Loaded Zone No Defects Observed

Not Under-Load No Defects Observed
Field Side Loaded Zone M ultiple spalls, large Fig. B8

Not Under-Load No Defects Observed

'
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B1.

B  -  7







B9.

B  -  9



B10.

B11.

B12.

B  -  1 0



B13.

B14.

B  -  1 1



B16.

B17.

B18.

B  -  1 2



B19.

B20.

B21.

B  -  1 3



B22.

B23.

B24.

B  -  1 4



B25.

B26.

B27.

B  -  1 5



B
30.



* 3



B31.

B32.

*

B  - - 1 7



B
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CD
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B38.

B39.

B  -  1 9



B40.

B42.

B  -  2 0



B43.

B44.

B  -  2 1



APPENDIX C:

DEFECT BEARING LOCATION AND DESCRIPTION TABLE
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Consist Axle
No.

Car
No. Leading date Direction Normal 

Near Side

FRA List # Prior 
Inspection 
Breakdown

Reverse Near 
Side

Defective’ Bear Detector
6 5 2 A 26 7 99 Normal
6 6 2 A 26 7 99 Normal B107 Cone Brinells ReMan

6 7 2 A 26 7 99 Normal W32LBR Loose Backing 
Ring ReMan

6 8 2 A 26 7 99 Normal
6 "  9 3 A 26 7 99 Normal y- •

6 10 ' 3 26 7 99 Normal B-120- Oversize Bore ReMan
6 11 .̂ -3X3 A X 26 7 99 Normal .. B1.19___ High Lateral ReMan
6 12 .3 A 26 7 99 Normal
6 13 " 4 A 26 7 99 Normal

6 14 4 A 26 7 99 Normal ReMan Cup Brinell Cone 
Spall OB B205

6 15 4 A 26 7 99 Normal ReMan Cup Spall B210
6 16 4 A 26 7 99 Normal
6 17 5 A 26 7 99 Normal
6 18 • .5 A 26 7 99 Normal
6 19 . 5 ; a  . 26 7 99 Normal
6 20 5 A 26 7 99 Normal
6 21 6 A 26 7 99 Normal . FLAT

6 22 6 A 26 7 99 Normal P B203 Cup Spall WE 
Roller ReMan

6 23 6 A 26 7 99 Normal B24 Roller ReMan
6 24 6 A 26 7 99 Normal
6 25 7 3 26 7 99 Normal
6 26 7 26 7 99 Normai Spun Cone ReMan
6 27 7 , "  B ' 26 7; 99/ Normal

6 28 7 ■;.>B “* 26 7 99 Normal B114 Cone 1 Spall 
Not repaired ReMan

6 29 8 A 26 7 99 Normal

6 30 8 A 26 7 99 Normal B207 Roller Spalls 2-lb 
1-OB+WEC ReMan

6 31 8 A 26 7 99 Normal • B116 Oversize Bore ReMan
6 32 8 A 26 7 99 Normal

6 33 9 ‘ B >ISP 20 7 99 Normal B201 Cup WE Cone 
tight ReMan

6 34 9 :b ,?y 26 7 99 Normal | I '

6 35 9 ;V 26 7 99: Normal B202.^ Spalls Cup rpb 
cone OB-1 ; ReMan

6 36 9 / .  B" - 26 7 99 Normal
7 5 2 B 27 7 99 Normal
7 6 2 B 27 7 99 Normal WE cup ReMan
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Consist Axle
No.

Car
No. Leading Date Direction Normal 

Near Side

FRA List # Prior 
Inspection 
Breakdown

Reverse Near 
Side

7 7 2 B 27 7 99 Normal B105 Cone Spalls 2 
REPAIRED ReMAn

7 8 2 B 27 7 99 Normal
7 9 '-.W B 27 7 99 Normal B211 Cup Spall ReMan
7 10 ' 3 • B ' 27 7 99 Normal p~"~---- ;-------—

7 11 • 3. 3 ’ 27 7-99 Normal Spun Cone ReMan
7 • 12' > • 3 : 27 7 99 Normal
7 13 4 A 27 7 99 Normal

7 14 4 A 27 7 99 Normal Cup Brinell Cone 
Spall OB ReMan

7 15 4 A 27 7 99 Normal Multiple Cup ReMan
7 16 4 A 27 7 99 Normal

7 17 5 i i i i r t i i M 27 7 99 Normal B102 Cone Spalls 2 
Not repaired ReMan

7 18 5 . ,27 7 99 Normal
7 19 5\*f An i 27 7 99 • Normal WE,,Gup ReMan
7 20 5 A •; 27 7 99 Normal
7 21 6 A 27 7 99 Normal

7 22 6 A 27 7 99 Normal B214 " Roller and Cup 
Frag Dents ReMan

7 23 6 A 27 7 99 Normal W30LBR Loose Backing 
Ring ReMan

7 24 6 A 27 7 99 Normal
8 ’ 5' -2 B 27 7 99 Reversed
8 - 6 2 ’ , B 27 7 99 Reversed ReMan W30LBR
8 7 ' 27 7 99 Reversed ReMan B214
8 ,»8 2 ■ B . • 27 7 99 Reversed
>* 9 3 B 27 7 99 Reversed
8 10 3 B 27 7 99 Reversed ReMan B101
8 11 3 B 27 7 99 Reversed
8 12 3 B 27 7 99 Reversed ReMan ' B102 "  '
8 13 4 B 27 7 99 Reversed I ' I
8 14 4 1 • B. v- 27 7 88 Reversed ReMan B33

‘ ' 8 '■ ' 15 ' 4 B 27 7 99 Reversed ReMan ;f§j§v> B212
8 •' 16 - 4 . B 27 7 99 Reversed
8 17 5 A 27 7 99 Reversed

8/ 18 5 A 27 7 99 Reversed ReMan W51SC
• ! 8 19 5 A 27 7 99 Reversed

8 ! 20 i 5 A 27 7 99 Reversed ReMan
8 21 , 6 A ,27799 Reversed
8 ; : ■- 6 A 27 7 99 Reversed ReMan

■ 8  I 23 , 6 ■ A 27 7 99 Reversed ReMan
8 i 24 6 A 27 7 99 Reversed , 1: -  h  1
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Consist
Axle
No.

Car
No.

Leading Date Direction
Normal 

Near Side

FRA List # Prior 
Inspection 
Breakdown

Reverse Near 
Side

9 5 2 A 29 7 99 Normal

9 6 2 A 29 7 99 Normal Cone Spall OB? ReMan

9 7 2 A 29 7 99 Normal Over Size Bore lb ReMan

9 8 2 A 29 7 99 Normal

9 9 3 ' A .2 9  7 99;. Normal ;0r ^ \ ' i

9 10 29 7 99 Normal B213 Loose Backing 
Ring

ReMan

9 11 , . 3  ' ■ ;v. i  : : r 29 7 99 Normal ReMan B118

9 12 A 29 7 99 Normal

9 13 4 A 29 7 99 Normal

9 14 4 A 29 7 99 Normal ReMan B205

9 15 4 A 29 7 99 Normal Roller Spall OB ReMan

9 16 4 A 29 7 99 Normal

9 17 5 A 29 7 99 Normal
% i - ,v

9 18 5 A 29 7 99 Normal

9 19 A 29 7 99 Normal

9 20 5 A 29 7 99 Normal ReMan B203

9 21 6 A 29 7 99 Normal

9 22 6 A 29 7 99 " Normal B216 Roller Spall OB ReMan

9 23 6 A 29 7 99 Normal B207 Roller Spalls 2-lb 
1-OB +W EC

ReMan

9 24 6 A 29 7 99 Normal

9 25 '.7 B 29 7 99 Normal

9 26 7 B 29 7 99 Normal W54SC Spun Cone ReMan

9 27 7 B, 29 7 99 Normal

9 28 7 B 29 7 09 Norma! Loose Backing 
Ring

ReMan

9 29 8 A 29 7 99 Normal

9 30 8 A 29 7 99 Normal B208 K65sn#411 ReMan

9 31 8 A 29 7 99 Normal . . B116 . Oversize Bore ReMan

9 32 8 A 29 7 99 Normal

9 33 9 B 29 7 99 Normal B201 Cup WE Cone 
tight ReMan

9 34 9 B 29 7 99 Normal

9 35 9 B 29 7 99 Normal B202 Spalls Cup RPB 
Cone OB-1 ReMan

9 36 9 B 29 7 99 Normal

10 5 2 A 29 7 99 Reversed

10 6 2 A 29 7 99 Reversed ReMan ■ S B
10 7 2 A 29 7 99 Reversed

10 8 2 A 29 7 99 Reversed ReMan B201

10 9 3 B 29 7 99 Reversed

10 10 3 B 29 7 99 Reversed ReMan
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Consist
Axle
No.

Car
No. Leading Date Direction

Normal 
Near Side

FRA List # Prior 
Inspection 
Breakdown

Reverse Near 
Side

10 11 ; 3-/' B 29 7 99 Reversed ReMan B208 ' ■ ,

10 12 ,■ 3’,. B 29 7 99 Reversed

10 13 4 A 29 7 99 Reversed ReMan

10 14 4 A 29 7 99 Reversed

10 15 4 A 29 7 99 Reversed ReMan

10 16 4 A 29 7 99 Reversed

10 17 5 B 29 7 99 Reversed

10 18 5 / B 29 7 99 Reversed ReMan

10 19 , 5 , , B 29 7 99 Reversed ReMan

10 20 ' 5 B 29 7 99 Reversed

10 21 6 B 29 7 99 Reversed B203 Cup SP WE OBC 
Roller SP ReMan

10 22 6 B 29 7 99 Reversed

10 23 6 B 29 7 99 Reversed

10 24 6 B 29 7 99 Reversed

10 25 7 B 29 7 99 Reversed

10 26 7 , B 29 7 99 Reversed ReMan ................  ; B2.17

10 i p g i
■ • ' 

7. , 29 7 99 Reversed B205 Cup Brinell Cone 
Spall OB ReMan

10 28 7 B 29 7 99 Reversed

10 29 8 B . 29 7 99 Reversed

10 30 8 B 29 7 99 Reversed B118 Oversize Bore ReMan

10 31 8 B 29 7 99 Reversed ReMan B123;

10 32 8 B 29 7 99 Reversed

10 33 .9 - ] B 29 7 99 Reversed

10 34 ■; s f - j B 29 7 99 Reversed ReMan —
10 35 ,9 * ! B 29 7 99 Reversed ReMan

10 35 -• 9 B 29 7 99 . Reversed

a

4
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